level was 80 g DM/kg W075 for the bulls and 60 g DM/kg W 0 75 for the heifer.
The average digestibilities of the diets were 73.9 (B), 71.6 (URS) and 72.7 % (GRS) for organic matter. There were no significant differences in apparent digestibility of crude protein or crude fibre. The digestibility of ether extract was higher (P < 0.05) and that of NFE lower (P < 0.01) on rapeseed diets. Nitrogen retentions were 28.4, 30.9 and 33.7 g/d, respectively, for the three treatments.
On rapeseed diets the rumen pH was higher (P < 0.05) and the total VFA and ammonia N concentration lower (P < 0.01, P < 0.05) than on control diet. Rapeseed increased the proportion of propionic acid (P < 0.01) and decreased the proportion of butyric acid (P < 0.01) in rumen VFA.
The rate of degradation of DM and CP in the rumen was slower for Gasol-treated rapeseed than for untreated rapeseed. Rapeseeds did not have a negative effect on the rate of degradation of silage or hay in the rumen determined by nylon bag method. But replacement of barley with rapeseed tended to decrease the degradation rate of silage crude protein. There were no significant differences between the treatments in blood constituents. modification to digestion in the rumen. Fats have been reported to inhibit the fermentation, particularly of crude fibre (Palmqvist and Jenkins 1980) , which leads to reduced intake of roughages (Kowalczyk et al. 1977) . There is a change in the acetate/propionate ratio (Palmqvist and Jenkins 1980, Igwuegbu and Sutton 1982) and hydrogenation of polyunsaturated fatty acids decreases JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND methanogenesis in the rumen because of the competition from hydrogen (Czerkawski and Clapperton 1984) . Kowalczyk et al. (1977) reported decreased ammonia concentration in the rumen with successive tallow increments. Lipid supplements in the diets have also been shown to increase the efficiency of microbial protein synthesis in the rumen (Tamminga et al. 1983 , Sutton et al. 1983 ).
The negative effects of fats on fibre digestibility can be reduced by feeding them as natural unextracted oilseeds or in various protected forms (Storry 1980) . P Almqvist and Jenkins (1980) reported that calcium improves fibre digestibility in high fat diets by forming insoluble soaps. Full fat oilseeds have mainly been used for dairy cows: for example, crushed soyabeans (Steele et al. 1971) , whole cottonseed (Smith et al. 1981) , whole sunflower seed (Rafalowski and Park 1982) and rapeseed (Frank 1979) . Murphy et al. (1984) studied the effect of rapeseed on rumen and total digestibility in dairy cows.
The objective of this study was to examine the effect of crushed rapeseed, fed as untreated or Gasol-treated, on ration digestibility, rumen fermentation and blood composition in growing cattle.
Material and methods
Three Ayrshire bulls, aged 3 months and weighing approximately 110 kg at the beginning of the experiment, were used as experimental animals in the digestibility trial. A heifer fitted with a rumen fistula was used for rumen fermentation and in sacco studies. All the animals were kept in metabolism cages allowing a separate collection of faeces and urine.
The experiment was designed as a 3 x 3 Latin square. The digestibility trial consisted of transition, palatability, adaptation and collection periods lasting 4,5, 5 and 7 days, respectively. The basal ration (B) consisted of grass silage (50°/o of DM) and rolled barley (50 % of DM), of which 30°/o was replaced in experimental diets with untreated (URS) or Gasol-treated rapeseed (GRS (Huida 1973) were determined later from deep-frozen samples.
in rumen fermentation and in sacco studies the heifer was in the Ist period on treatment B and in the 2nd and 3rd periods on treatments URS and GRS. Rumen fluid samples were taken through the fistula before and 1.5, 3, 4.5 and 6 h after the morning feeding on days 6 and 7 during the collection period. pH was measured immediately and ammonia N and VFA determinations were made from deep-frozen supernatant by the methods of Mcgullouoh (1967) and Huida (1973) .
The degradation rate of DM and crude protein (CP) of rapeseeds were determined by nylon bag method (Setälä 1983) in each period. The incubation times were 2,5, 9 and 24 h. In addition it was investigated whether the diets might affect the rate of digestion of grass silage and hay in the rumen. Nylon bags were withdrawn after 2,5, 9 and 24 h for both forages and in addition after 48 h for hay.
Blood samples were taken from the bulls from the Vena jugularis at the beginning of the experiment and on the 7th day of the collection period before the morning feeding. The samples were prepared and analyzed by the methods described by Huhtanen (1984) .
The differences between the treatments were tested by the analysis of variance and the differences between the means with the Tukey-test.
Results and discussion
Chemical composition of the experimental feeds is presented in Table 1 . Grass silage was of very good quality, D-value 70.4, and well preserved. The average contents of ether extract were 4.1, 9.4 and 9.3°7o for diets B, URS and GRS. have any effect on DM intake in dairy cows.
In contrast, Thomas and Castle (1979) reported lower grass silage intake when the supplemental fat was fed as crushed soyabeans instead of soya oil.
OM digestibilities of rapeseed rations were slightly lower than the digestibility of the basal ration (Table 2) . Replacement of barley with URS or GRS improved (P < 0.05) ether extract digestibility, an effect also found by Palmqvist and Conrad (1978) , Smith et al. (1981) and van der Honig et al. (1981) with various types of added fats. In contrast, Murphy et al. (1984) reported lower total fatty acid digestibility with increasing levels of rapeseed in the diet. The reason for lower (P < 0.01) NFE digestibility for rapeseed diets may be that the NFE fraction in rapeseed is less digestible the NFE fraction in barley, which contains more starch. The digestibility coefficients of URS, calculated by difference, were 71.2, 88.8, 92.9 and 44.4°Io Rapeseed had no significant effect on total DM intake during the palatability period.
The average DM intakes were 96.1. 96.8 and 91.4 g DM/kg W 0 for the treatments B, URS and GRS. The highest forage intake was obtained on URS treatment because the bulls did not eat all the concentrate and compensated for this by increasing silage intake.
The effect of added fat on voluntary feed intake of sheep and cattle seems according to Clapperton and Steele (1983) to depend on the type and amount of fat used and the way in which it is added. Smith et al. (1981) and Rafalowski and Park (1982) did not find whole cottonseed or whole sunflower seed to (Salo et al. 1982) but the value for OM and is lower and that for CF higher. The apparent digestibility of CP tended to be higher on URS and GRS diets than on the basal diet. One reason for higher apparent CP digestibility on rapeseed diets is the higher CP content. Gasol treatment had a clear effect on CP degradability of rapeseed (Fig. 1) Igwuegbu and Sutton (1982) with linseed oil in sheep with duodenal cannulas. The negative effects of fats and oils on fibre digestibility have often been reported in sheep (Kowalczyk et al. 1977 , Mcallan et al. 1983 , Sutton et al. 1983 ) and the lipids tend to shift the site of digestion of OM from the rumen to the hind gut (Igwuegbu and Sutton 1982) . The effect of oils on fibre digestion in the rumen can be reduced by protecting them from microbial metabolism (Mcallan et al. 1983) . In dairy cows, the effects of fats on fibre digestibility have often been less than in sheep due to high feed intakes and low rumen retention times (Palmqvist and Jenkins 1980) . In the present study the feeding level was about twice the maintenance and much higher than typically used in the experiments with sheep. Also the method by which the lipids are incorporated into the diet can affect fibre digestibility. Smith et al. (1981) did not find any effect on cellulose digestibility when complete rations contained up to 25 % whole cottonseed. When soyabean oil was given as cracked soyabeans instead of free oil, rumen fermentation was less affected, because the milk fat content was higher on cracked soyabean diet (Steele et al. 1971 ).
In the present study URS and especially GRS tended to increase nitrogen retention. One reason for this may be the increased microbial protein synthesis (MPS) on rapeseed diets (Murphy et al. 1984) , but also an increased flow of undegradable feed protein may have had an effect, especially in the case of the GRS diet. In many experiments, lipid supplements have been shown to increase the efficiency of MPS (Igwuegbu and Sutton 1982 , Tamminga et al. 1983 , Sutton et al. 1983 , possibly by their protozoa-inhibiting effect (Sutton et al. 1983 ). The total effect of fats on microbial protein production in the rumen depends, however, in addition to the efficiency of MPS, on the effect of fats on feed intake and the proportion of OM digested in the rumen.
Rumen pH was higher on GRS ration than on basal ration (Table 3) , and this, too, may have affected the fibre digestion in the rumen. Also Kowalczyk et al. (1977) found higher rumen pH with increasing tallow supplements on grass diet. Murphy et al. (1984) did not find any significant differences in rumen pH in their diets, but the composition of concentrate was different than in the present study. The total VFA level was lower (P < 0.01) on URS or GRS rations than on B ration. The same tendency was found by Murphy et al. (1984) , but not by Igwuegbu and Sutton (1982) on linseed oil supplements. The lower concentration of ammonia N in the rumen on rapeseed diets in spite of the higher crude protein intake agrees with the results of Kowalczyk et al. (1977) and Igwuegbu and Sutton (1982) .
The proportion of acetic acid in VFA was not significantly different in the diets, but the proportion of propionic acid was higher (P < 0.01) and that of butyric acid lower (P < 0.01) on rapeseed rations. In many experiments, lipid supplements have also decreased the proportion of acetic acid (Steele et al. 1971 , Rohr et al. 1978 , Sutton et al. 1983 , although Rafalowski and Park (1982) found whole sunflower seed to increase the proportion of acetate. A similarly large decrease in the proportion of butyric acid as in the present study was found by Igwuegbu and Sutton (1982) and Sutton et al. (1983) . Steele et al. (1971) reported that the effect of soya oil on the acetate/propionate ratio was less when the oil was fed as cracked soyabeans instead of free oil. The increase in propionate/butyrate ratio and the lower ammonia N concentration on rapeseed rations indicate the inhibitory effect of full-fat rapeseed on protozoa (Males and Purser 1970); this was also found by Sutton et al. (1983) for linseed oil supplements.
The only significant (P < 0.05) difference in blood composition was higher Na concentration on rapeseed rations (Table 4) . Plasma urea tended to be lower on GRS than on B or URS ration. Plasma glucose and cholesterol concentrations were slightly higher on the rapeseed rations. Igwuegbu and Sutton (1982) and Christensen et al. (1978) reported lower plasma urea N when linseed oil or whole rapeseed was used for ruminants, and Christensen et al. (1978) reported higher cholesterol concentration on diets containing 6.3 or 12.6 % of rapeseed of concentrate 
